Background: The most frequently used means of committing suicide was pesticide poisoning in rural China, yet little is known about the characteristics and risk factors for suicides committed with pesticides compared to those committed via other means in older adults. Methods: The participants were 242 older adults (aged 60 or older) who had committed suicide in the rural areas of 3 provinces (Shandong, Hunan, and Guangxi) in China. This study was conducted using the psychological autopsy (PA) method. Results: In univariate analyses, no statistically significant differences were found between those who committed suicide with pesticide or with other means in terms of demographic and clinical variables except age, prevalence of mental disorders, suicidal intent, number of recent life events, social support, hopelessness, impulsivity, and depressive symptoms (P > .05); age, history of suicide attempts, having pesticides available at home, the total number of life events, and the number of long-term life events were significantly different (P < .05) between the 2 groups. In multivariate logistic regression model, the factors associated with committing suicide with pesticides were the availability of pesticides at home (odds ratio [OR] ¼ 3.48, 95% confidence interval [CI]: 1.99-6.08) and the number of long-term life events (OR ¼ 0.87, 95% CI: 0.78-0.97). Conclusion: The older adults who committed suicide by pesticides and those using other means are probably the same population. The main determinant of choosing pesticides as suicide means was likely the availability of pesticides at home. Suicide risk among older adults might be reduced by placing appropriate restrictions on access to pesticides.
Introduction
Suicide among older adults is a global public health and mental health problem. High suicide rates are common among older adults in rural areas in Asia, including China, Taiwan, Hong Kong, South Korea, and Japan. 1 In China, the suicide patterns have changed dramatically. First, the suicide rate in men exceeds than in women. Second, an initially higher suicide rate in rural young women compared to other demographic groups has gradually disappeared. Third, the rural-urban ratio of suicide rates has decreased. Nevertheless, the suicide rate in the older adults remains the highest of all demographic groups and has even increased, especially in rural areas in recent years. [2] [3] [4] In China, the older adults account for 8.9% of the population, while they account for 38.2% of all suicide deaths, and rural older adults are more likely to commit suicide than urban older adults (incidence rate ratio ¼ 1.83). 5 Considering the rapid aging of the population in China and the high suicide rate in the older adults relative to other age groups, suicide prevention efforts focusing on the older population should be given greater priority to reduce the number of suicides in the Chinese people.
Poisoning by pesticides is the most common suicide method in Asia, where pesticides are readily accessible in rural agricultural regions, and most of these pesticides are insecticides with medium or high levels of toxicity. As an agricultural and developing country, China is the largest producer and consumer of pesticides in the world. Although the proportion of suicides using pesticides in China has decreased from approximately 62% 6 to 49%, 7 self-poisoning with pesticides is still the leading cause of suicide. Moreover, suicide by pesticide poisoning is strongly associated with the proportion of the population employed in agriculture. Currently, China has the largest older population in the world 8 (population older than 65 years increased from 5.5% in 1987 to 11.4% in 2017), 9, 10 with a large portion of that population living in rural areas. Although the percentage of people employed in agriculture has decreased from 50% in 2002 to less than 20% in 2017 in China, 11, 12 due to urbanization and rapid aging, rural older adults still have ready access to agricultural pesticides. Additionally, suicides using pesticides are much more prevalent in rural areas than in urban areas, and the decrease in the rate of suicides using pesticides has been much slower in rural areas than in urban areas. 7 Restricting availability to common and highly lethal means of suicide can reduce both method-specific and all-cause suicide rates. 13 There is strong evidence that the limitation of general access to suicide means (so-called means restriction) is an effective approach to prevent suicides.
14 Concerns about pesticide-related suicides among rural older adults should be raised not only in China but also in other developing and urbanizing countries.
Choosing a means of committing suicide depends not only on the availability of the methods but also on their socialcultural acceptability and other physical, psychological, and biological factors. The prevalence of various means of committing suicide differs among states or areas; hanging is the predominant mean of suicide in high-income countries, 15 except in the United States, where firearms are used most frequently. 16 Jumping from a height as a mean of suicide is frequent in highly urbanized areas, such as Hong Kong. In addition, increases in suicide deaths by barbecue charcoal gas poisoning have been studied in many parts of East Asian countries, 17 while recent concerns have been raised about the use of helium gas as an emerging suicide method in England and Wales. 18 A few studies have examined the characteristics of people stratified by their choice of the means by which they committed suicide. A previous study on older adults in Australia showed that those who died by hanging were significantly more likely to be male, indigenous Australians, unemployed, to have experienced recent interpersonal conflicts, and to consume alcohol prior to their death, and they were less likely to have a mental illness and to leave a suicide note. 19 In a study in rural China, the authors reported that the characteristics of young people who committed suicide using pesticides were different from those of young people who committed suicide by other means and that the former were less likely to have mental disorders, had higher levels of impulsiveness, and were more likely to have pesticides stored at home. 20 However, little is known about the differences among rural older adults who commit suicide using different means. It is important to identify whether people who commit suicide using pesticides and those using other means share similar characteristics because this information can guide the implementation of different intervention strategies for suicide prevention.
Psychological autopsy (PA) is a widely used research tool to explore the risk factors for suicide 21 and has been validated in China. 22 This PA study aimed to compare the demographic characteristics, suicide behaviors, impulsivity, mental disorders, depressive symptoms, social support, and hopelessness of people who committed suicides using pesticide and those using other means.
Methods

Sample and Sampling
Multistage stratified cluster sampling method was used to select research sites. In the first stage, all 31 provinces in mainland China were classified into 3 strata based on the gross domestic product (GDP) per capita. Then Shandong, Hunan, and Guangxi were selected from each stratum. The counties in the 3 provinces were also stratified into 3 strata based on average income. One county in each stratum in Shandong and Hunan provinces and 2 counties in each stratum in Guangxi province (because the population size of county in Guangxi was smaller) were randomly selected. Therefore, a total of 12 counties from the 3 provinces were selected as research sites.
We briefly trained all village doctors and local public health professionals involved in death certification, and we relied on their report on suicide death among rural older adults. Consecutive sampling method was used to recruit suicide cases.
Study Procedures
This study was conducted from June 2014 to September 2015. All interviewers from the 3 research sites were graduate students in mental health or public health and were trained intensively for 10 days on the determination of manner of death, method of PA, interview skills, and use of instruments.
When a suicide case was reported, 2 to 6 months later, the investigators would schedule interviews with informants of the suicide case. To avoid the misclassification of suicide, manner of death was finally determined by trained investigators after all related information had been collected. Two informants for each suicide of older adult were identified: Generally, the first informant was one next of kin who lived with the suicide case and the second informant was always a friend, a neighbor, or a remote relative. Each informant was interviewed separately by 1 trained interviewer. The average interview time was 90 minutes.
The study was approved by the institutional review board of Central South University, Shandong University, and Guangxi Medical University. The aim and procedure of the research were explained to all participants. Written informed consent must be obtained before interviews were conducted. The details of the interview procedures can be found in a previous study. 23 
Instruments and Recoded Measurements
Demographic characteristics. The demographic characteristics included age, gender, marital status, annual family income, education level, health conditions, and the presence of pesticides stored at home. Marital status was dichotomized as "stable" and "unstable," with the latter including those who were single, divorced, widowed, or married but separated. The stable marital status included married and lived together, unmarried cohabitation, or remarried.
Suicide Intent Scale. The Suicide Intent Scale (SIS) is an assessment tool used to determine the degree of suicidal intent. This scale was composed of an objective section (items 1-8) and a subjective portion (items 9-15). The objective SIS (items [1] [2] [3] [4] [5] [6] [7] [8] evaluates the circumstantial evidence of suicide intent, including precautions, planning, and communications, and the total score ranges from 0 to 16. In PA studies, the objective portion of the SIS (items 1-8) is often used. 23 For this study, we also used the first 8 items of the SIS to estimate suicide intent. In a previous study in China, the Chinese version of the SIS has shown satisfactory reliability and validity. 24 Life Events Scale for the Elderly. Stressful life events in the last 12 months before death or investigation were measured by the Life Events Scale for the Elderly, which covered 46 life events and was developed specifically for older adults in China. 25 Life events that occurred more than 1 month prior to death or investigation were defined as long-term life events, and those that occurred within the last month prior to death or investigation were defined as recent life events. 26 Beck Hopelessness Scale. The Chinese version of the Beck Hopelessness Scale (BHS-4) is an excellent measure of hopelessness. 27, 28 It includes 4 items relevant to success, a dark future, breaks, and faith. Each item is rated on a 5-point scale. The total score ranges from 4 to 20, and a higher score indicates a greater degree of hopelessness. The BHS-4 has been shown to perform as well as the original 20-item scale (BHS-20). 27, 28 Barratt Impulsiveness Scale. The Barratt Impulsiveness Scale (BIS-11) is one of the most frequently used self-assessment tools for impulsivity. The current version, which is composed of 30 items, measures the following 3 main dimensions of impulsive behavior: attentional impulsiveness, motor impulsiveness, and nonplanning impulsiveness. The item responses range from 1 (never) to 4 (almost always), and a higher score represents a greater degree of impulsiveness. The BIS-11 shows good reliability and validity, meets the requirements for determining psychometric properties, and can be used in research on impulsivity in the social and cultural context of China. 29 Duke Social Support Index. Social support in the investigation was measured by the 23-item Duke Social Support Index (DSSI). The possible scores range from 11 to 45, with higher scores indicating higher levels of social support. The DSSI has sound reliability and validity, and it has been evaluated in a previous PA study in China. 22 Geriatric Depression Scale. The severity of depressive symptoms was assessed by the Geriatric Depression Scale (GDS). This instrument consists of 30 items (possible scores ranging from 0 to 30), with a higher score indicating more severe depressive symptoms. The severity of depressive symptoms can be categorized into the following 3 groups based on the GDS scores: no or mild depression 0 to 10, moderate depression 11 to 20, and severe depression >20. The GDS has been validated in the Chinese rural older population. 30 Mental disorders. We used the Chinese version of the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 26, 31 in this study to generate current diagnoses of mental disorders. Diagnoses were made by psychiatrists in consensus meetings during which all information from both informants and previous medical records was presented. The following 4 categories of diagnoses were covered: mood disorders, schizophrenia and other psychotic disorders, alcohol dependence, and anxiety disorders. Diagnoses of major depressive episodes and psychotic disorder not otherwise specified were made if appropriate because complex general medical conditions and medications are common in the older adults. Diagnoses of personality disorders or rare disorders (eg, mental disorder with onset in childhood and adolescence, illicit drug abuse, eating disorders) were not included. Multiple diagnoses were made if appropriate.
Statistical Analysis
Descriptive analyses and w 2 tests were used to describe and compare the categorical variables of demographics, health status, mental disorders, suicide attempts, suicide locations, and timing between those committing suicide with pesticides and those using other methods. T-tests or Kolmogorov-Smirnov Z-tests were used to compare continual variables such as family annual income, personal annual income, life events, and scores on the SIS, BIS, DSSI, and GDS between those who committed suicides with violent methods and those who used nonviolent methods. Binary logistic regression models were adopted to analyze factors related to committing suicide with pesticides. The Enter method was used in the logistic regression. All analyses were conducted with Statistical Package for Social Sciences (SPSS) for Windows (version 20.0, SPSS Inc, Chicago, Illinois). The level of significance was .05 (two sided) in this study.
Results
A total of 242 individuals who committed suicide were enrolled in this study. Among them, the most common method of suicide was pesticide poisoning (125, 51.7%), followed by hanging (95, 39.3%), drowning (9, 3.7%), ingesting poisons other than pesticides (8, 3.3%), jumping from a high place (3, 1.2%), and wrist cutting (2, 0.8%). In this study, we dichotomized all suicide means into pesticide group (125, 51.7%) and other means group (117, 48.3%).
Demographic Characteristics
The sociodemographic characteristics of the individuals who committed suicide using pesticides or other methods are summarized in Table 1 . No significant differences were observed in the distribution of the sexes, marital status, annual family income, education level, and health conditions between those who committed suicide using pesticides and those who used other means (all P values > .05). Compared to the group who committed suicide using means other than pesticides, those who committed suicide with pesticides were approximately 2 years younger (t ¼ 2.58, P ¼ 0.01). Individuals who committed suicide with pesticides were more likely to store pesticides at home than those using other means (67.2% vs 36.8%; P < .001).
Suicide Behavior
Compared to those who used other means of committing suicide, those who committed suicide with pesticides were less likely to have had previous suicide attempts (13.6% vs 23.9%; w 2 ¼ 4.26, P ¼ .04). However, there were no significant differences in suicidal intent, suicide time, or suicide location between the 2 groups (all P values >.05; Table 2 ).
Life Events, Hopelessness, Impulsiveness, Social Support, Mental Disorders, and Depressive Symptoms
As shown in Table 3 , compared to those who committed suicide with pesticides, those who used other means of committing suicide had more total life events (P ¼ .01) and long-term (Table 4) .
Discussion
This study found that there were more similarities than differences between individuals who committed suicide with pesticides and those who used other means. No significant differences were found in the demographic variables, suicidal behavior, prevalence of mental disorders, severity of depressive symptoms, level of hopelessness, amount of social support, number of recent life events, and level of impulsivity between those who committed suicide using pesticides and those who used other means. In fact, we found significant differences between the two groups in availability of pesticides at home and the number of long-term life events. Therefore, our current study indicated that rural older adults who commit using pesticides and those who use other means might be similar. Lethality was an important factor impacting the choice of the means of committing suicide by older adults. 32 In this study, pesticide poisoning was still the most common method of suicide (accounting for approximately 51.7% of all 242 suicides), which is consistent with recent studies of suicide in China for the period 2006 to 2013. 7 Among the other means used to commit suicide, hanging accounted for the greatest proportion, approximately 81.2% (95/117). It is known that Significant difference between groups, P < 0.05. b Significant difference between groups, P < 0.05. both pesticide poisoning and hanging are highly lethal means of committing suicide. Studies of individuals who have attempted suicide found that the older adults (aged older than 65 years) had more lethal suicide attempts than the group younger than 65 years, 33 and very older adults who attempted suicide (75 years and older) had high levels of intent to die and high degrees of medical lethality of the attempts. 34 Suicidal intent, defined as the degree to which the individual wishes to die by suicide, is a strong predictor of suicidal behavior. 35 The selection of the time and place for the suicide attempt, which is used to evaluate whether the person committing suicide wants others to find them easily and rescue them by taking them to the hospital, reflects the level of suicidal intent. However, in this study, there were no differences in SIS scores, suicide times, and suicide places between those who committed suicide with pesticides and those who used other means; this finding was similar to that in a report about suicides among young rural individuals. 20 In addition, there was no significant difference in the history of previous suicide attempts between those who committed suicide with pesticides and those who used other means. These results indicated that having a history of previous suicide attempts and the degree of suicidal intent did not determine the choice of the means of committing suicide.
Previous study did not find significant relationship between the number of life events and suicide methods in rural China, 36 yet our results in this study found that the number of long-term life events was negatively related to suicides with the choice of pesticide poisoning as a means of committing suicide. Thus, suicides with more long-term life events were more likely to choose other means to commit suicide. The possibility is that older adults with more long-term life are more stressful and more likely to use lethality means, such as hanging, to commit suicide. In this case, intervention work should target rural residents who are suffering miseries or overwhelming life changes to prevent other means of suicide concerning its high lethality and offer financial and medical help.
Both mental disorders and hopelessness were psychological factors that play important roles in predicting suicide. 37 In our study, 50.4% of the individuals who committed suicide had at least one diagnosis of a mental disorder; the most prevalent mental disorders were mood disorders in both those who committed suicide with pesticides and those who used other means. These results were consistent with those of previous studies in China, which showed that the prevalence of mental disorders among individuals who committed suicide was 64.8%, and the most common diagnosis was a mood disorder (45.7%). 38 However, no significant differences were found in the prevalence of mental disorders, GDS scores, or BHS scores between the older adults who committed suicide with pesticides and those who used other means; this finding differed from the results observed among young individuals who committed suicide in China, among whom those who committed suicide by ingesting pesticides were less likely to have mental disorders and high levels of hopelessness than those who committed suicide by other means. 20 These differences between older adults and young individuals who committed suicide may be explained by the results of a recent study, which revealed that mental disorders appear to be a more common reason for suicide at a younger age than at an older age. 39 Thus, our results indicated that the choice of the means of committing suicide in the older adults did not depend on whether they had mental disorders, the severity of their depressive symptoms, or their level of hopelessness.
Impulsivity is a coping strategy and another important predictor of suicide. 40, 41 A case-control study in rural China showed that farmers who attempted to commit suicide with pesticides had a greater number of pesticide exposure symptoms and higher scores on scales measuring impulsivity and aggression than controls. 42 Previous studies have also noted the predominance of pesticide poisoning as a means of committing suicide in China 6 ; this method is more strongly associated with impulsive behavior than other means of committing suicide. 43 Nevertheless, there were no significant differences in BIS scores and DSSI scores between older adults who committed suicide with pesticides and those who used other means. These findings were similar to those of a report investigating suicide among young rural Chinese individuals, 20 but they differed from those of another report, which found that females without mental disorders who commit suicide tend to act impulsively and use nonviolent means such as pesticide poisoning. 44 The results of this study indicated that the choice of suicide means was not related to the level of impulsivity or degree of social support in the older adults, while the availability of the method might have a greater effect on the choice of the means.
In this study, the storage of pesticides at home were positively associated with the choice of pesticide poisoning as a means of committing suicide. Individuals who have pesticides stored at home are more likely to commit suicide with pesticides than by other means. Easy access to lethal pesticides is a risk factor for suicide in China that has been identified in many previous studies. 45 Moreover, a previous study indicated that the availability and acceptability of a means of suicide were important factors impacting the choice of the means of committing suicide in older adults aged 65 years and older. 32 Accordingly, restricting access to pesticides might be an effective method of preventing suicide among the older adults in rural China. Restriction of the means of committing suicide is multilayered, requiring efforts at the community and regulatory levels. 45, 46 In recent years, the pesticide industry, the World Health Organization, and the International Association for Suicide Prevention have given considerable attention to advocating for the method-restriction strategy of providing farmers or villages with lockable boxes or storage facilities for the safekeeping of pesticides. Findings from a study of central community-based locker storage in India 46 and pilot studies of improved household storage in Sri Lanka 47 and China 48 suggested that the approach was appreciated by farming communities. In the North-Central Province of Sri Lanka, there was no evidence that improved household-based storage containers reduced pesticide self-poisoning. 45 Thus, to date, no robust evidence indicates the effectiveness of safer storage as a strategy for reducing the number of suicides committed with pesticides. Other interventions at the regulatory level that target the removal of highly hazardous pesticides from agricultural practice seem to be more effective with regard to suicide prevention in rural Asia. It has been shown that replacing highly toxic pesticides with integrated pest management and alternative less hazardous pesticides was followed by not only reductions in the number of pesticide-specific suicides but also reductions in overall suicide rates in Sri Lanka, 45 South Korea, 49 and Bangladesh. 50 Therefore, policy makers should ban highly lethal pesticides that are frequently used for suicide as an effective means of reducing pesticide-specific and overall suicide rates. 14 Our findings have important implications for suicide prevention. On one hand, we found there were some distinguishable characteristics of older adults and young individuals who committed suicide in rural China. Thus, suicide prevention strategies for the older adults should be designed differently from those targeting the young population in rural areas. On the other hand, we found that pesticide ingestion remained the most common means of committing suicide among the older adults, and the main risk factor for committing suicide with pesticides was having pesticides stored at home. Further efforts should be made to restrict the accessibility of common highly hazardous pesticides to prevent suicides among rural older adults.
Limitations
Several limitations were present in this study. First, the PA method was used to collect data regarding suicide, and information errors and bias might occur because of the proxy informants' subjective observations and memory (eg, the presence of a psychiatric diagnosis). Second, our sample of individuals who committed suicide and were older than 60 years in rural areas of China was limited in size, and caution is required when interpreting these data. Third, we did not include personality disorders in the diagnosis of mental illnesses.
Conclusion
The ingestion of pesticides is the most common means of suicide used by the older adults in rural China. The older adults in rural China committing suicide with pesticides and those using other means probably have the same characteristics. The only difference between those committing suicide with pesticides and those using other means in our study was the availability of pesticides at home. Suicide risk among older adults might be reduced by placing appropriate restrictions on access to pesticides. Information derived from these profiles could be useful in developing further suicide prevention strategies targeting older rural adults.
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